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Earth pressure is the lateral force exerted by the soil on a shoring
system. It is dependent on the soil structure and the interaction or
movement with the retaining system. Due to many variables, shoring
problems can be highly indeterminate. Therefore, it is essential that
good engineering judgment be used.

Active and passive earth pressures are the two stages of stress in
soils which are of particular interest in the design or analysis of
shoring systems. Active pressure is the condition in which the earth
exerts a force on a retaining system and the members tend to move
toward the excavation. Passive pressure is a condition in which the
retaining system exerts a force on the soil. Since soils have a greater
passive resistance, the earth pressures are not the same for active
and passive conditions. When a state of oil failure has been reached,
active and passive failure zones, approximated by straight planes,
will develop as shown in the following figure (level surfaces
depicted).

The well known earth pressure theories of Rankine and Coulomb provide
expressions for the active and passive pressure for a soil mass at
a state of failure.

COEFFICIENT OF EARTH PRESSURE

The coefficient of earth pressure (K) is the term used to express the
ratio of the lateral earth pressure to the vertical earth pressure
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or unit weight of the soil. For a true fluid the ratio would be l.
The vertical pressure is determined by using a fluid weight equal to
the unit weight of the soil: Pv = KPv The basic formulas for horizontal
earth pressures are as follows:

= Lateral earth pressure

If a soil has a cohesive value the formula becomes:

There are three ranges of earth pressure coefficients to be
considered:

Ka = Coefficient of Active earth pressure (0.17 to 1.0)
K p

= Coefficient of Passive earth pressure (1.0 to 10.0)
K0 = Coefficient of earth pressure for soils at rest or

in place (0.4 to 0.6 for drained soils).

The next step is to determine the value of the earth pressure
coefficient (K). This is accomplished by utilizing the known soil
properties and the accepted theories, formulas, graphs and procedures
that are available.

Refer to the Table of Simplified Typical Soil Values TABLE 11, which
lists active coefficient (Ka) and equivalent fluid (Kw) directly.

Earth pressure coefficients may also be calculated by acceptable soil
mechanics formulas. Two of the more well known authors are Rankine
and Coulomb.

4 - 2



THE RANKINE THEORY

The Rankine theory assumes that there is no wall friction
the ground and failure surfaces are straight planes, and that the
resultant force acts parallel to the backfill slope. The coefficients
according to Rankine's theory are given by the following expressions: 

If the embankment is level     = 0) the equations are simplified as
follows:

The Rankine formula for passive pressure can only be used correctly
when the embankment slope angle      equals zero or is negative. If a
large wall friction value can develop, the Rankine Theory is not
correct and will give less conservative results. Rankine's theory is
not intended to be used for determining earth pressures directly
against a wall (friction angled does not appear in equations above).
The theory is intended to be used for determining earth pressures on
a vertical plane within a mass of soil.
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THE COULOMB THEORY

The Coulomb theory provides a method of analysis that gives the
resultant horizontal force on a retaining system for any slope of
wall, wall friction, and slope of backfill provided             This theory
is based on the assumption that soil shear resistance develops along
the wall and failure plane. The following coefficient is for a
resultant pressure acting at angle    
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Since wall friction requires a curved surface of sliding to satisfy
equilibrium, the Coulomb formula will give only approximate results
as it assumes planar failure surfaces. The accuracy for Coulomb wil1
diminish with increased depth. For passive pressures the Coulomb
formula can also give inaccurate results when there is a large back
slope or wall friction angle. These conditions should be investigated
and an increased factor of safety considered.

LOG-SPIRAL THEORY

A Log-spiral theory was developed because of the unrealistic values
of earth pressures that are obtained by theories which assume a
straight line failure plane. The difference between the Log-Spiral
curved failure surface and the straight line failure plane can be
large and on the unsafe side for Coulomb passive pressures (especially
when wall friction exceeds     . The following figure shows a
comparison of the Coulomb and Log-Spiral failure surfaces:

FIGURE 7

The coefficient of earth pressure values for the log-spiral failure
surf ace can be obtained from FIGURE 8.   Ka may be read directly from
the curves using the lower portion of FIGURE 8 whereas Kp must be
multipliedby a reduction factor (R) located at the top of the figure.

Rankine is conservative relative to other methods. Except for the
passive condition when   is greater than approximately       Coulomb
is conservative relative to Log-Spiral. These methods developed as
refinements to one another; each in its turn accounting for more
variables and thereby requiring increasing levels of analytic
complexity.
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EARTH PRESSURE COEFFICIENT WHEN AT-REST

The at-rest earth pressure coefficient (Ko) is applicable for,
determining the active pressure in clays for strutted systems.
Because of the cohesive property of clay there will be no lateral
pressure exerted in the at-rest condition up to some height at the
time the excavation is made. However, with time, creep and swelling
of the clay will occur and a lateral pressure will develop. This 
coefficient takes the characteristics of clay into account and willl -
always give a positive lateral pressure. This method is called the
Neutral Earth Pressure Method and is covered in the text by Gregory
Tschebotarioff.

An alternate solution for Ko is to use Jaky's equation:
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POISSON'S RATIO

TABLE 15

MOVEMENT OF WALL NECESSARY TO PRODUCE
ACTIVE PRESSURES

For sands, Terzaghi & Peck have indicated one could expect that a
movement of 0.5% times the height of the support system would be needed
to obtain a complete active condition. For a 20' deep excavation the
movement needed at the top of the excavation would amount to
(0.005) (20) = 0.1 foot of movement to develop a fully active condi-
tion.
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LOG - SPIRAL FAILURE SURFACE
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APPROXIMATE ANGLES OF REPOSE FOR SOILS

Soils will stand at some natural slope, the angle of repose, unless
acted upon by some external force, or unless it is subjected to an
internal change of composition, such as a change in water content.
FIGURE 9 depicts some repose angles for various materials.

A slope of 1:l corresponds to Type B soil per CAL/OSHA.
A slope of 1.5:l corresponds to Type C soil per CAL/OSHA.

A running soil by Cal/OSHA defintion would have a repose angle of less
than 2:l.

C
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